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(57)Abstract: 

PROBLEM TO BE SOLVED: To facilitate pulverization and to recover valuable metal by single 
magnetic selection by roasting a used battery in a specified temp, range in such a manner that unburnt 
carbon remains in the roasted material, ci^ushing this roasted material and thereafter executing 
magnetic separation. 

SOLUTION: A used lithium-manganese battery is roasted at 500 to 750°O, burnt and organic matters 
such as graphite and carbon powder of negative active substances are decomposed, burnt and 
volatilized, and, moreover, CO to form into reducing gas is generated. The obtd. roasted material is 
pulverized so as to be controlled to about <20 mm by a standard sieve, and again, roasting treatment is 
executed to the surface of the sieve. The valuables at a plus sieve are magnetically selected, and iron 
in a battery case as the magnetic material is separated from nonmagnetic material. A minus sieve is 
composed of the powder of carbon, copper, aluminum, manganese or the like mechanically adhered to 
iron, and copper is recovered from the minus sieve. By roasting the battery, the weight reduces, and 
the load of the crushing reduces. The recovered iron is small in the intrusion of Mn and high in purity, 
so that it can be used as all iron sources. 
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* NOTICES * 

JPO and NCI PI are not responsible £or any 
daxnages caused by the use of this translation. 



1 .This document has been translated by computer. So the tr£inslation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] the used lithium-manganese cell which contains copper and iron as valuables ~ a 500-750-degree 
C temperature requirement — and the valuables recovery approach from the used lithium-manganese cell 
characterized by roasting so that non-bumed carbon may remain in a roast object, crushing and carrying out 
magnetic separation of the obtained roast object, and classifying in a magnetic matter and a nonmagnetic 
object. 

[Claim 2] The valuables recovery approach from the used lithium-manganese cell according to claim 1 
characterized by ceirrying out the magnetic matter classified by said magnetic separation a screen exception, 
and collecting iron as a plus sieve. 

[Claim 3] The valuables recovery approach from the used lithium-manganese cell according to claim 1 or 2 
characterized by carrying out the nonmagnetic object classified by said magnetic separation a screen 
exception, and collecting copper as a plus sieve. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the valuables recovery approach from a used lithium- 
manganese cell. Since it has the features, such as small, a light weight, and energy-density size per volume, 
the lithium-manganese cell is used as a power source of a cellular phone, PHS, a video camera, a notebook 
computer, etc. 

[0002] The main component part of a lithium-manganese cell is a separator which consists of a steel case, 
the negative-electrode plate which consists of copper foil, a positive-electrode plate which applied the 
manganic acid lithium to aluminum foil, polyethylene, etc. 
[0003] 

[Description of the Prior Art] Some methods of collecting valuable metals, such as Mo, Co, and nickel, from 
Mo, Co, or nickel acid lithium cell are proposed. According to JP,6-322452,A, roasting over a non-oxidizing 
atmosphere the debris except magnetic matters, such as metal nickel classified by carrying out magnetic 
separation of the debris of a used lithium secondary battery, or carrying out reducing roasting by the 
reducing atmosphere, and carrying out magnetic separation of the obtained roast object is proposed. The 
roast in the inside of the non-oxidizing atmosphere in the above-mentioned approach is a process for 
returning a metalHc oxide by the carbonaceous material contained as carbon of a separator and negative- 
electrode material etc., and the last magnetic separation is a process for separating nickel and cobalt from 
copper etc. According to JP,6-346130,A, removing a binder, a solvent, etc., crushing a roast object, carrying 
out a screen exception, and using a minus sieve as the raw material of refinement is proposed by roasting a 
used lithium cell. 
[0004] 

[Problem(s) to be Solved by the Invention] The above-mentioned conventional method is not an approach of 
collecting valuables from a manganic acid lithium system cell. Although the used lithium secondary battery 
is crushed directly, in above-shown JP,6-322452,A, this crushing is difficult compared with crushing of a 
roast object, noting that it writes also with this point. Furthermore, since direct magnetic separation of the 
debris is carried out without passing through roast in order to mitigate the burden of roast, the magnetic 
separation which separates a nonmagnetic object and a magnetic matter is before and after roast, and is 
performed twice. Next, by the approach of JP,6-346160,A, since recovery of nickel and Co is left to a 
refinement process, it has the room of an improvement in the field of heat energy. Similarly, at JP,10- 
74539,A by these people although it is not the approach of collecting valuables from a manganic acid 
lithium system cell, it is a used lithium. - Valuables are collected by roasting Mo, Co, and nickel system cell, 
crushing and carrying out magnetic separation of the obtained roast object, and classifying in a magnetic 
matter and a nonmagnetic object. It is described that the roast temperature of this approach has desirable 
800-1000 degrees C which aluminum fiises. If such elevated-temperature roast is applied to a lithium- 
manganese system cell, recovery copper grace will fall and effective separation of valuables — separation of 
aluminum becomes difficult — will be checked. When it is going to collect Cu and Fe(s) from a lithium- 
manganese system cell as valuables, it is difficult for becoming especially a problem to separate Mn from Fe 
in subsequent refinement, if Mn is accompanying to the recovery object of Fe. Therefore, this invention 
aims at collecting valuable metals from a used lithium-manganese cell by the approach which makes 
grinding easy and can be managed with 1 time of magnetic separation. 
[0005] 

[Means for Solving the Problem] the used lithium-manganese cell by which the approach of this invention 
contains copper and iron as valuables — a 500-750-degree C temperature requirement — and it is the 
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valuables recovery approach from the used lithium-manganese cell characterized by roasting so that non- 
bumed carbon may remain in a roast object, crushing and carrying out magnetic separation of the obtained 
roast object, and classifying in a magnetic matter and a nonmagnetic object. Hereafter, the approach of this 
invention is explained in detail. 

[0006] First, by roasting a used lithium-manganese cell in the approach of this invention, while 
decomposing and burning and volatilizing the organic substance, such as combustion and polypropylene of 
the graphite which is a negative-electrode active material, or carbon powder, and an n-methyl-2-pyrrolidone, 
CO used as reducing gas is generated. If roast temperature is too low, since it becomes inadequate the metal 
acid lithium by CO gas which occurs by disassembly of the organic substance retuming and ttie burden of 
crushing becomes large, 500 degrees C or more are required for roast temperature. On the other hand, since 
aluminum will fuse, and the crushing will become difficult and independent recovery will become difficult 
if too high, roast temperature needs to be 750 degrees C or less. . 

[0007] The heating fUmace for roast can be performed by fixed furnaces, such as an electric furnace and an 
oil furnace, although limitation is not carried out. In this case, the bottom direct fire heating stationing 
fiimace of a stoker can be used. A used lithium-manganese cell accumulates a part for one batch on a stoker, 
and from the upper part of a furnace, the gas duct of a combustion gas is prepared, and it performs roast, 
discharging combustion gas suitably. When it roasts without crushing a used lithium-manganese cell, 
combustion of the carbon powder and the organic substance which were described above inside the cell, 
generating of CO gas, etc. take place, and reduction of an oxide progresses in the space within the case of a 
cell. As for an iron oxide, manganese oxide, etc., most is returned by this roast. In addition, if some carbon 
produced by the above-mentioned combustion of carbon and above-mentioned disassembly of the organic 
substance remains as non-bumed carbon, reoxidation of the once retumed metal will be barred. For 
example, in case a temperature up is carried out to the above-mentioned roast temperature by the bumer, a 
promotion **** rapid temperature up is burned within an oxidizing atmosphere, and decomposition, 
reduction, etc. of the organic substance are advanced after that. It is at the termination time of this phase, 
and if non-bumed carbon remains, since the reaction of C02+C->2CO can be made to be able to cause and 
CO concentration of a furnace atmosphere can be raised, a fumace atmosphere will prevent the reoxidation 
which shifted to the reducibility side and was described above. Copper foil etc. is maintaining the metal 
gestalt after baking by this invention, and aluminum exists with the gestalt of powder, a lump, etc. 
[0008] The roast object obtained serves as the mist and carbon powder with which the powder of about 70 - 
90% of the weight of a metal, a lump, a network, a foil, a plate, or these are maintaining a part of joint 
structure in a cell to a used lithium-manganese cell. 

[0009] Next, a roast object is crushed. It is the actuation make it easy for this crushing to have the above- 
mentioned various gestalten, and to arrange a roast object with a various dimension with a moderate 
dimension, to separate what is maintaining the structure of a cell to material gestalten, such as powder, a 
plate, and a foil, and to divide into a magnetic matter and a nonmagnetic object by the following magnetic 
separation. As a crusher, although not limited, a 1 shaft crusher etc. can be used preferably. Moreover, 
crushing is JIS. Z It is desirable to make it set to less than 20mm by the standard sieve of 8801 . The plus 
sieve after crushing can perform roast processing again, and can collect valuables. In crushing by this 
invention method after roast, in order to crush the cell whose weight does not crush the cell itself directly, 
but is once crushed to some extent by the burst by the pressure of the thermal expansion at the time of roast, 
and the combustion gas within a case etc., and is decreasing, the burden of crushing is mitigated. Moreover, 
since almost all rates are metals and a roast object does not almost have carbon with difficult cmshing, and 
the organic substance, the burden of crushing is mitigated even in this field. It is a process for performing 
magnetic separation at the process of the last of this invention, and classifying the iron of the cell case which 
is a magnetic matter from a nonmagnetic object. 

[0010] Furthermore, if it carries out above a screen exception with less than 2mm when it is required to 
classify a magnetic matter in iron and other company objects for example, a plus sieve will serve as a piece 
of an iron scrap, and a minus sieve will serve as powder, such as carbon which adhered to iron 
mechanically, copper, and aluminum. It regenerates an iron scrap as a usual iron scrap. Similarly a screen 
exception, then a plus sieve serve as mixture with which little aluminum waste adhered to copper foil in the 
inside of a nonmagnetic object, and a minus sieve serves as powder, such as copper, aluminum, manganese, 
and carbon, and these sintering objects. Thus, because copper is a foil-like generally, can classify at the 
debris after roast. Since the copper grace of a plus sieve is 75% or more, it is reproduced by processing with 
the converter of copper refinement works etc. A minus sieve is used as a raw material of the autogenous 
welding fumace of copper refinement works, and collects copper. 
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[001 1] Hereafter, with reference to the flow chart for carrying out this invention, it explains more 
concretely. A used lithium-manganese cell is used as a raw material 1, and is inserted in the roasting 
furnaces 3, such as an electric furnace or an oil furnace, 400kg, for example. If the valuable metal inclusion 
by which roast was carried out amounts to several t, crushing to the dimension which is suitable for 
magnetic separation by the crusher 2 will be performed. A spall is classified by a magnetic matter M and the 
nonmagnetic object NM with the magnetic separators 7 and 8 which use two sets of conveyors 5 and 9, and 
an electromagnet as an element. A magnetic matter M and the nonmagnetic object NM are separately 
classified by a plus sieve and the minus sieve with the machine 8 according to screen. In addition, for a 
suction fan and 9, as for a plus sieve container bag and 1 1, a portable conveyor and 10 are [ 4 / a minus sieve 
container bag and 12 ] dust collection facilities. An example explains this invention in more detail below. 
[0012] 

[Example] They were processed in the pilot plant, having used seven used lithium-manganese cells (1716g) 
as a metal presentation is Table 1 as the raw material. 



[0013] 
[Table 1] 




C u 


Mn 


F e 


A 1 


L i 




20 


5 


15 


10 


0.3 




343 


86 


257 


172 


5 



[0014] Although it became 25.8% of decrease of weight about the raw material when the inside of a fuel oil 
bumer fumace was roasted over 680 degrees C of mean temperature for about 30 minutes within the directly 
under heating fumace which it had, the metal presentation did not change. About lOOg carbon existed in the 
roast object. Next, when it crushed by the crusher with a cutting cutting edge, the piece separator of hanging 
type iron per [ except 373g of holdups in a crusher ] 900g was used and magnetic separation was performed, 
the 260g magnetic matter and the 640g nonmagnetic object were obtained. 

[0015] Then, the magnetic matter was carried out the screen exception with the machine (2mm) according to 
screen, and the minus sieve (84g) shown with 1 76g pure iron in Table 2 as a plus sieve was obtained. 



[0016] 
Table 2] 




C u 


Mn 


F e 


A 1 
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5.0 


0. 1 


0.0 


0. 1 


33. 2 


Sftg 


4.2 




0.0 


6.3 


27.9 



[0017] The nonmagnetic object was made the last the screen exception with the machine (2mm) according 
to screen, and the minus sieve (40 Ig) shown with 239g copper foil and the mixture (75% of copper grace) of 
aluminum waste in Table 3 as a plus sieve was obtained, 
[0018] 
[Table 3] 
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[0019] As explained above, according to this invention, iron and copper are recoverable as valuables. 
[0020] 

[Effect of the Invention] (1) Valuables are recoverable by one crushing of a used lithium-manganese cell. 

(2) Since the whole quantity of a used lithium-manganese cell is not crushed, the burden of crushing is 
mitigated. 

(3) Since [ with little mixing of Mn etc. ] the collected iron has high Fe purity, it is usable as all iron sources. 
In addition, the copper content collected as a (4) nonmagnetic object serves as a raw material of copper 
refinement of a converter, an autogenous welding furnace, etc. However, since there is little mixing of Mn 
etc. and copper grace is high, as for a plus sieve, considering as the raw material of a copper converter is 
desirable in respect of refinement operation. 

(5) Although valuable metal purity is high in each recovery ingredient as mentioned above, magnetic 
separation can be managed at once. 

(6) If it collects above, when this invention approach will be enforced, there are few running costs, since a 
crusher and a magnetic separator can also be managed each with one set, there is also little plant-and- 
equipment investment cost, and a recovery ingredient is also very worthy and fits the sale to an ingredient 
manufacturer, an iron and steel maker, and non-iron refinement business. 



[Translation done.] 
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DRAWINGS 



[Drawing 1] 
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